Abstract We investigate the link between macroeconomic news and sovereign spreads in the euro area at weekly frequency. Our focus lies in the role played by macroeconomic announcements. To this aim we augment a standard GARCH model with a synthetic measure for macroeconomic surprises obtained by aggregating deviations between data releases and market expectations on a set of indicators chosen for being closely watched by economic analysts and financial operators. We find that the dissemination of macroeconomic data on the US economy affects the level of sovereign spreads, i.e. the better the news the lower the spreads. Moreover, in many cases the dissemination of bad news on the euro area economy affects negatively the volatility, i.e. the worse the news the higher the volatility.
Introduction
In recent years the issue of government bond spreads has received increasing attention and in macroeconomic reports edited by leading international economic institutions, sovereign spreads are currently included in the set of short-term indicators employed to monitor the state of national economies. This can be, at least partially, motivated by the dramatic worsening of public finances and the surge in public debt stocks following the financial crisis and the recession that hit the real economy on a global scale. As a consequence, at the level of stock imbalances currently reached, even a small increase of interest rates paid on government bonds implies a significant loss of public resources.
The behavior of sovereign spreads has been also largely analyzed by the literature. During the last twenty years several works have investigated the determinants of sovereign bond yield differentials, but less work has been produced on the effects of macroeconomic announcements. This is at odds with the recent increasing interest among financial operators for the role played by macroeconomic fundamentals, especially after the financial crisis. In particular, market makers look in continuous time the news (the difference between data releases and market expectations) in order to translate as fast as possible these innovations in the portfolio composition. Currently many investment banks produce some indicator of macroeconomic news and publish them in their newsletters but there are no papers showing their relevance on government bond markets.
The literature before the introduction of euro was marked by contributions of Alesina et al. [2] , Favero et al. [17] and Lemmen and Goodhart [22] . They conclude that the discrimination among sovereign bonds depends mainly on two factors that are identified respectively in the risk of exchange rate devaluation and the risk of default originated by the possibility that a sovereign state may be not able to reimburse its debt. According to these seminal contributions, sovereign spreads are mainly attributable to investors demands for risk premia.
The introduction of the euro, having substantially removed the risk of an exchange rate devaluation, has been accompanied by a significant narrowing of sovereign spreads. Nonetheless, discrimination across sovereign bonds persisted to a very limited extent in the period following the constitution of the currency area but in the aftermath of the financial crisis sovereign spreads reached, for some euro area countries, historically high levels.
Contributions by Codogno et al. [12] and by Geyer et al. [19] find that global risk aversion, i.e. a global common factor, is the main determinant for euro area bond yield differentials and that country-specific factors have almost no relevance in explaining sovereign spreads dynamics. Public debt affects yields only during periods of increased global risk aversion, while liquidity factors, i.e. the extent of transaction costs implied by a specific market microstructure, play only a minor role.
Beber et al. [9] and Favero et al. [18] try to disentangle the relevance of default and liquidity risks in driving sovereign spreads. The former paper finds that credit quality has the main explanatory power but the degree of liquidity of government bonds gains relevance during periods of low aggregate liquidity or in times characterized by high volatility in equity prices or in interest rates. The latter finds that the risk of default of a sovereign state is, as in Codogno et al. [12] , amplified by an international aggregate risk factor thus originating a 'principal component' shared by all euro area countries. The risk of illiquidity reflects idiosyncratic aspects of national sovereign bond markets but interacts negatively with the risk of default. An increase in the aggregate risk factor decreases liquidity premia thus reducing the impact of liquidity factors on sovereign spreads.
The widening of spreads since 2009 has spurred a renewed attention in the literature that has focused on the determinants of spreads inside the euro area. Many papers have analyzed how the pattern of sovereign spread determination changed during the financial and economic crisis. These works have recognized that after the failure of Lehman Brothers, issuer countries have been more strongly differentiated by investors, on the basis of the state of their fiscal imbalances and macroeconomic fundamentals. For instance, besides the major role played by the global risk aversion, Barrios et al. [8] find that the combination of high risk aversion and fiscal/macroeconomic imbalances tends to enhance the yields demanded by investors. This fact occurred mainly on the public bonds side, due to many factors such as the losses generated by bailout plans financed by governments, the rise of deficit induced by countercyclical discretionary fiscal policies and the high level of public debt reached in some euro area countries. Along the same line of analysis, Haugh et al. [21] find supportive results as regards the relevance of fiscal imbalances during periods of increased global risk aversion. A strengthening in the market discipline during the financial crisis has been confirmed by the works of Mody [23] , Manganelli and Wolswijk [24] and Schuknecht et al. [27] where it is argued that markets are demanding more fiscal discipline to governments through higher credit risk premia. Lastly, Caceres et al. [11] find that during the financial crisis the widening of spread is motivated not only by an increased global risk aversion, but also by the contagion of the sovereign debt crisis among euro area countries. To sum up, the main results are that, at least in the long run, observed spread dynamics can be largely explained by the following three main factors: the risk of default and the degree of liquidity of the government bond market for a given country jointly with the attitude toward risk of international investors, i.e. global risk aversion. Moreover, many empirical analyses have shown that what matters is the interaction between idiosyncratic factors -specific to each country -and global risk aversion, and that this is the reason way the contemporaneous correlation of interest rate spreads is quite high. As a consequence, in many applied studies a single common factor can explain a large part of observed dynamics in interest rate spreads of high-yields countries. This empirical evidence motivates those analyses attempting to understanding the nature of this common global factor and its interactions with others macroeconomic phenomena.
The recent euro area debt crisis, has dramatically increased the level and the dispersion of bond yields. An updated and fully fledged analysis of the macroeconomic determinants of the sovereign risk premia is in Di Cesare et al. [13] . They find that the differentials on peripheral bond yields versus German bund are only partially explained by fundamentals and they provide empirical estimates on the levels consistent with macroeconomic factors. In light to rationalize their results they also propose to consider the insurgence of new factors, including the perceived risk of a break-up of the euro area.
Another strand of literature inspect the effect of news and announcements. Afonso and Strauch [1] show that sovereign spreads are temporarily affected by fiscal policy announcements made by of euro area policy makers and Attinasi et al. [5] concentrate on the impact of announcements on bank rescue packages. In this work we consider a different issue, as we concentrate on the role played by macroeconomic news on high frequency trading. An analysis on the impact of macroeconomic news on euro area government bond markets is missing, while the relevance of the news on asset prices and on exchange rates has already been tackled by Andersen et al. [4] and Faust et al. [16] .
We then investigate the impact of macroeconomic data dissemination on EMU sovereign spreads. To this aim we construct weekly synthetic indicators of macroeconomic news for the euro area, United States and Japan and a global indicator for the world economy aggregating the news related to a set of statistical indicators chosen for their relevance in driving market confidence. We consider as news the pure surprise defined as the difference between a macroeconomic data release and the related market expectation. Our sampling frequency includes a minimal number of news-related events per period and at the same time reduces the extent of the temporal aggregation bias that would affect parameter estimates at lower frequencies. We propose a standard EGARCH model, where our news indexes are explicitly introduced, jointly with financial measures of risk factors. Our model is specified in order to insulate the effects of the diffusion of new data, therefore we need high frequency estimates and financial determinants. For there reasons our results should be interpreted in terms of short term trading effects of the news and should not be read referring to macroeconomic fundamentals.
The main stylized finding of this work is that the level and volatility of EMU sovereign spreads are both affected by US and European macroeconomic news. We find that the dissemination of better-than-expected data on the US economy affects negatively the levels, i.e. the better the news the lower the spreads. Moreover, bad surprises on the euro area economy affects negatively the volatility, i.e. the worse the news the higher the volatility.
The work is organized as follows: in paragraph 2 we illustrate the dataset, in paragraph 3 we describe the methodology followed for obtaining our proxies for macroeconomic news disseminated on the market, in paragraph 4 we present the model, in paragraph 5 we report the empirical evidence obtained from the econometric analysis, and paragraph 6 concludes.
The Spreads
We analyze sovereign spreads dynamics in the period 2005-2011 for Belgium, Greece, Ireland, Italy, Portugal and Spain 1 . It is a set of euro area countries characterized by a a rapid and persistent increase of spreads level and volatility in the period following the financial crisis, even if on a different degree and magnitude. In the sequel we follow the standard convention of defining sovereign spreads as the differences between national interest rates paid on government 10 years bonds and the corresponding interest rate paid for 10 years bonds issued by the Federal Republic of Germany. In the first part of the sample sovereign spreads have remained to historically low levels, while starting with the last quarter of 2008, the collapse of Lehman Brothers led to significant widening of spreads for the set of countries included in the analysis. A simple inspection of data (see figures 1-2) reveals that sovereign spreads are characterized by a high degree of persistency and are clearly nonstationary.
As a first step of the empirical analysis, we have investigated over the order of integration of sovereign spreads by implementing the Augmented Dickey-Fuller [14] and the Philips-Perron [26] tests. From the p-values associated to the null hypotheses of the tests (Table 1) implemented on levels and on the first-order difference of the time series, we conclude that for all the six countries included in the analysis sovereign spreads are I(1). This calls for an econometric specification where the variable of interest is the first-order difference of sovereign spreads that is I(0), i.e. a stationary process. From figures 1 and 2 it is also evident that weekly changes in sovereign spreads are characterized by the presence of volatility clusters, a quite common fact in the case of financial time-series, where periods of high (low) volatility are followed by periods of high (low) volatility. This evidence has led us to a GARCH model, which allows the modeling of volatility patterns observed on financial markets (Engle [15] and Bollerslev [10] ).
Macroeconomic News
This work focuses on the impact of macroeconomic data dissemination on government bond markets. In this section we describe the procedure followed to measure the news. As a first step of the analysis, we have identified a set of indicators for macro-areas (United States, euro area, Japan and World), which we believe being the most influential in driving the mood of investors on financial markets 2 . The definition of the set of indicators largely reflects the classification made by the website of the exchange rate traders community www.forexfactory.com, where economic news are classified as of "high", "medium" and "low" impact on the market. The choice of indicators also reflects the experience gained at the Italian Department of Treasury in monitoring the developments of euro area government bond markets. Following these criteria, for the euro area we have chosen the following six indicators which are closely watched by financial and economic operators and cover the main aspects of the business cycle: the flash estimate of the consumer price index released by Eurostat, the indicator of expected economic growth in the euro area released by ZEW (Centre for European Economic Research), the indicator of 2 We have also measured an indicator for macroeconomic news disseminated in Japan as well as in the world economy. It turned out that these two indicators both have no impact on the level and volatility of sovereign spreads in the euro area. These results are not reported but are available on request.
new orders in the manufacturing sector for industries of the euro area released by Eurostat, the volume of retail sales in the euro area, released by Eurostat, and the consumer confidence indicator for consumers of the euro area released by the European Commission. Analogously, for the United States we have considered the following monthly indicators: the level of nonfarm payroll employment, released by the Bureau of Labor Statistics, the volume of core retail sales (excluded autos) released by the Census Bureau, the Purchasing Managers Index (PMI) indicator in the manufacturing sector released by the Institute for Supply Management, the volume of new orders of core durable goods (excluded new orders in the transportation sector) released by the Census Bureau, the index of industrial production released by the Federal Reserve, the number of housing starts released by the Census Bureau, the trade balance released by the Bureau of Economic Analysis and the consumer confidence indicator released by the Conference Board. For Japan, we have selected the industrial production index released by the Ministry of Economy, Trade and Industry, the index of machinery orders released by the Cabinet Office, the trade balance released by the Ministry of Finance, the consumer price index released by the Statistics Bureau and the consumer confidence indicator released by the the Cabinet Office. Lastly, it has been computed a global indicator of news as weighted average of the indicators for United States, euro area and Japan 3 .
For each of these indicators, we computed the news, i.e. the discrepancy between the statistics released by the aforementioned institutions and the median value of the forecasts prevailing on financial markets and surveyed by Bloomberg. Moreover, given that units of measurement differ across economic variables, following Balduzzi et al. [7] and Andersen et al. [3] we converted these absolute news in standardized news.
In detail, let us denote by x j it the announced value on the i-th macroeconomic indicator available for the j area (where j={Euro,Usa, Japan,World}) at date t, by Med(E(x i )) the median value of the empirical distribution of forecasts as surveyed by Bloomberg and by σ x j i its historical standard deviation. Then we have computed a synthetic indicator of standardized macroeconomic news (News j t ) in the j area according to the following formula:
where as explained in the preceding paragraph, the indicators have been chosen for having a relevant effect on financial markets 4 .
Moreover, we have discriminated between positive and negative standardized news in order to assess if there is an asymmetric market reaction following the dissemination of economic news. Thus we have computed indicators for good (News j+ t ) and bad news (News j− t ) released at date t for area j, according to the following formulas:
where I [.] is the indicator function, i.e. a function that is equal to one if the condition inside square brackets is satisfied (when the announced value is greater than the median forecast) and is equal to zero otherwise (when the announced values is lower than the median forecast) 5 . Lastly, these standardized daily indicators have been converted to a weekly frequency by summing the standardized news registered in a given week.
As the indices of macroeconomic surprise constitute the focus of our paper, we consider their principal statistical features. An inspection of data reveals that the timespan 2005-2011 can be ideally divided into two subsamples identified by the collapse of Lehman Brothers in September 2008. Indeed, this event deeply affected not only sovereign spreads, but also the state of the real economy, leading to a reduction in the degree of forecastability of main economic indicators. The US economy has been hit on average by slightly better-than-expected data in the first part of the sample (figure 3), while the opposite happened in the second part. This means that on average financial operators surveyed by Bloomberg have been pessimistic in the first subsample and optimistic in the second one. For the US economy only it is thus evident a slight shift of the distribution toward left. More generally, in the second subsample the standard deviation of the news distribution has increased in all the macro-areas considered, a fact likely due to the overall higher degree of uncertainty caused by the recession. The worst week in terms of unexpected figures has been experienced by the US economy in September 2008, when it has been registered an unforeseen drop in industrial production while for the euro area the reason for the minimum value of the index, recorded in January 2009 (figure 4), is the fall to record-lows level of the confidence indicator. Similarly, our indicator registers a bid drop in Japan following the earthquake/tsunami in March 2011 (figure 5). From the empirical distribution of the series (figures 7, 8, 9 and 10) it results that after the collapse of Lehman Brothers it has been recorded an increase in the dispersion of news, i.e. an increase in the degree of uncertainty affecting the business cycle. Lastly, an interesting feature of our series for surprises for the three macro-areas considered is that their are pairwise uncorrelated 6 . Thus our indicators of surprises constitute true innovations, meaning that forecasts made on a given indicator rightly incorporate the information available for the remaining macro-areas.
The Model
In order to capture the dynamics and volatility of sovereign spreads at weekly frequency, we have adopted as an econometric specification, a slightly modified version of the Exponential Generalized Autoregressive Conditional Heteroskedastic Model (EGARCH thereafter) by Nelson [25] . In the proposed model the (stationary) firstorder difference of sovereign spreads of a generic country (∆ s t ) depends linearly on itself lagged up to the k-th lag, on a set of m regressors (x 1t , x 2t , ...., x mt ) which include standard determinants plus the measures of macroeconomic news introduced in the preceding paragraph. Modelling the spreads at weekly frequency we also consider financial determinants such as VIX and ITRAXX, that can capture in real time the changes in risk aversion. There is an issue of endogeneity of these indexes with the spreads, while the measures of news are exogenous. We therefore interpret our results mainly looking at the coefficients of the news. Our model has an error term (u t ) that is splitted into two components, which are respectively the conditional variance (h t ) and a white noise i.i.f. sequence (v t ):
In turn, the logarithm of the conditional variance (h t ) evolves according to a EGARCH model and depends also on a set of l regressors(y 1t , y 2t , ...., y lt ) which are believed to affect the variance of the process, a set that includes the indicators for standardized macroeconomic news, while v t is an i.i.d. sequence which follows the Generalized Error Distribution (GED thereafter), normalized to zero mean and unit variance:
where Γ (.) is the gamma function and λ is a constant given by:
The main advantage of this parametrization, with respect to other GARCH-type models, is that the variance of the process is constrained by construction to be positive regardless the results of the estimates. Moreover, the GED distribution comprises as a particular case the normal standard distribution (if the GED parameter ν = 2) but it can adapt to distributions characterized by thicker tails than the normal (if the GED parameter ν < 2).
The Empirical Application
The model is estimated for Belgium, Greece, Ireland, Italy, Portugal and Spain using as determinants an autoregressive scheme, the Germany 10-year interest rate paid on government bond, a dummy for the financial crisis, a proxy for global risk aversion, the financial and the non-financial iTraxx indices, the VIX index of options volatility, national public debts and our indicators of macroeconomic surprises for the US economy and for the euro area 7 . From the maximum-likelihood univariate estimates (see Table 2 ) of this EGARCH-type model it emerged statistical regularities as regards sovereign spread dynamics and volatility.
The first relevant point is that in all the six estimated models the GED parameter is much lower than two, which means that the normality assumption is rejected by data and our distributional hypothesis on the error component is justified.
Second, weekly sovereign spread changes are characterized by a remarkable degree of autocorrelation. Thus, starting from a general model with a sufficiently high number of lags, we have identified the maximum lag of the autoregressive terms entering the model for the conditional mean of the process. It turned out that in all the six models it is sufficient to include just two lags in order to remove any significant autocorrelation left in estimated residuals. According to our estimates, an increase in sovereign spreads in a given week is associated to further increases in the successive week, a phenomenon that is only partially reverted after two weeks and vanishes in the third week.
Another empirical finding is that during periods of increasing international interest rates, here summarized by an increase in the long-term interest rate on government bonds issued by the Republic of Germany, the rise of interest rates is only partially transmitted to the countries here considered, bringing about a decrease in sovereign spreads but this effect holds true only when spread reach a certain threshold, i.e. in the period following the financial crisis. This effect is estimated by including in the model the Germany's interest rate interacted with a dummy variable that is equal to one after the collapse of Lehman Brothers and 0 otherwise (∆ R ger ×Dummy crisis ). It turns out that this term is always negative and strongly significant. However the extent of the transfer is variable from country to country, varying from around 75% in the case of Ireland, to below 60% for Italy.
We have also found that the degree of riskiness of the real and financial sectors of the European economy measured by the non-financial and financial iTraxx indices 8 . It emerges that the non-financial index affects positively sovereign spreads while the financial index has an opposite effect. This means that a worsening of the real side of the European economy implies a widening of sovereign spreads, likely due to the lower degree of sustainability of public finances associated to a worsening business cycle. Stated in other terms, there exists a spillover of the riskiness from the real to the the public sector of the economy. On the opposite, an increase in the degree of riskiness of the financial side of the economy lowers, ceteris paribus, sovereign spreads, meaning that private and public assets are to some extent substitutable.
Nonetheless our estimates confirm the finding of Codogno et al. [12] , i.e. that the higher the domestic public debt the wider will be the spread in periods of increased riskiness.
As regards the role played by macroeconomic surprises, our analysis reveals that in four out of the six countries considered, sovereign spread changes are affected by the diffusion of surprises regarding the state of the US economy. In detail, the diffusion of good (bad) macroeconomic US news brings about a narrowing (widening) of EMU sovereign spreads. In other words, the better the outlook of the global economy, as proxied by the US business cycle, the lower the probability of a scenario characterized by unsustainable public finances. However, for the two countries (Ireland and Spain) where this effect is not significant we have found that it becomes strongly significant in the aftermath of the financial crisis. We have also investigated the role of macroeconomic news for the euro area but we did not find any significant effect that is reasonably stable across the cross-sectional as well across countries and time.
With regards to the variance equation, we have found that an EGARCH(1,1) allows to capture the persistency of the data generating process for the logarithm of the conditional variance and that no asymmetric terms are significantly different from zero in the aforementioned process.
As regards the determinants of sovereign spreads volatility, our analysis reveals that the financial crisis has been accompanied by an increase in volatility to an extent that is remarkably variable within the set of considered countries. In the aftermath of the financial crisis the conditional log-variance of the process has increased of a factor comprised between the value of 0.16, in the case of Italy, to 0.59, recorded in the case of Spain. The volatility implied in the Standard and Poor 500 Index is another factor that is relevant in driving the conditional variance. Lastly we have found that for three out of six countries there is also a significant impact of negative macroeconomic surprises related to the state of the euro area economy, which means that the release of bad news brings about an increase in the conditional volatility of spreads and vice-versa. On the opposite, we did not find any significant effect arising from positive surprises on the log-variance of sovereign spreads. This means that financial operators would react asymmetrically when learning about the current state of the European economy. These results thus confirm the existence of a leverage effect for the government bond market. This is a well established empirical regularity and is generally explained on the grounds that a drop in the value of the asset increases the financial leverage, which makes the asset itself riskier and increases its volatility (Bekaert and Wu [6] ). Moreover, the asymmetric response of volatility to bad and good surprises is in line with the results obtained by other researchers, who have found that negative surprises increase stock prices volatility more than positive surprises (Hamilton [20] ).
Concluding Remarks
We construct weekly time series of macroeconomic news and we apply these indicators in estimates for EMU sovereign spreads. The econometric analysis, performed on weekly changes of the spreads in Belgium, Greece, Ireland, Italy, Portugal and Spain, shows that the data generating process is characterized by remarkable regularities for these countries. Our EGARCH is able to track the recent dynamics of the spreads, focusing on the short run rather than on fundamentals. Indeed, the model is tailored to identify the effects of macroeconomic announcements. We find that positive news on the state of the US economy imply a narrowing of EMU spreads and vice-versa. Macroeconomic surprises on the euro area business cycle affect the volatility of the series in three out of the six considered countries and are taken into account only to the extent that they are negative surprises. IT RAXX NF : non-financials, corporate 10-year iTraxx index. Source: Bloomberg.
Appendix 1 -The Data
NEW S USA : standardized macroeconomic surprises on the US economy. The methodology followed to construct this aggregate indicator is described in the text. The source of the announcements for the monthly elementary indicators and the associated median forecasts is Bloomberg. NEW S USA : standardized macroeconomic surprises on the euro area economy. The methodology followed to construct this aggregate indicator is described in the text. The source of the announcements for the monthly elementary indicators and the associated median forecasts is Bloomberg.
|NEW S − EURO |: negative standardized macroeconomic surprises on the euro area in absolute value. The methodology followed to construct this aggregate indicator is described in the text. The source of the announcements for the monthly elementary indicators and the associated median forecasts is Bloomberg.
S: sovereign spread of the generic euro area country, computed as the difference between the interest rate paid on the benchmark 10-year government bond issued by a given country and the interest rate paid on the benchmark 10-year government bond issued by the Republic of Germany. Source: Datastream.
V IX: Chicago board options exchange market volatility index. Source: Bloomberg. 0.00000 0.00000*** 0.00000*** 0.00000*** 0.00000*** 0.00000*** (0.00000) (0.00000) (0.00000) (0.00000) (0.00000) (0.00000) log(σ Standard errors in round brackets. *, ** and *** denote respectively parameters significant at 10%, 5% and 1%.
